Estimating the AAR (Areal Average Rainfall) is an essential process when determining the accurate amount of available water resources and building the input data which is integral to the Rainfall-Runoff Analysis. To estimate the AAR, using rain gauge networks that are spatially well distributed is ideal. In this study, the spatial characteristics of the rain gauge networks for the five major river basins in South Korea are considered and the amount of influence the spatial distribution has on the estimation of the AAR is evaluated. For this purpose, the estimation error for AAR is calculated for two cases. The first case (Analysis 1) compares the value of the estimation error of the AAR from two different basins where one has well distributed rain gauges while the other does not. The second case (Analysis 2) estimates the estimation error of two different rain gauge distributions for the same basin. The spatial characteristic of the rain gauge network is evaluated by using the NNI (Nearest Neighbour Index), while the Arithmetic Mean Method, Thiessen Method and the Estimation Theory are applied to calculate the AAR. From Analysis 1, we are able to prove that the estimation error of the AAR is relatively small in the basins with that have spatially well distributed rain gauge networks whereas the estimation error is relatively large when the spatial distribution of the rain gauge network is clustered. Also, results from Analysis 2 showed that not only is the spatial distribution of the rain gauge networks important, but that the density has a significant influence on accurately calculating the AAR. The results from this study can be applied towards the ideal establishment of the rain gauge networks.
Introduction
The spatial distribution of the rain gauge networks is relevant for soil development, plant distribution and water resources. To solve land and water management related problems at catchment scale, it is important to quantify and rainfall characteristic, water fluxes and associated substances [1, 2] . The runoff analysis is highly determined by the rainfall distribution. Such hydrologic data can be obtained from hydrologic stations. Hydrological networks can largely be classified into water level observation networks, discharge observational networks and rain gauge networks. Of these three, evaluating the rain gauge networks is also essential to calculating both the accurate amount of available water resources and the AAR (Areal Average Rainfall), which is used as input data in the rainfall-runoff analysis [3] . If the appropriate rain gauge network cannot be secured, the error in the AAR estimation will create a significant error when simulating rainfall-runoff events [4] . Currently, the rain gauges
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Nearest Neighbour Method
The spatial characteristic of a point can be evaluated by using the quadrat count method, nearest neighbour method, index of specialization as well as the index of localization. Most natural phenomena can be described by the Poisson distribution and it is used to describe the amount of times a rare event occurs within mostly the time, distance and specified region of space. If the points are randomly distributed, the shape of distribution will have areas where the points are both clustered as well as dispersed. When the shape does not have regularity like this, the Poisson distribution can be the standard to understanding it. Therefore, the Poisson distribution can be applied when the points are randomly distributed due to natural events [30, 31] .
The nearest neighbour method is applied when trying to understand the spatial characteristics of the point events. This method utilizes the spatial characteristics between any given point and its nearest points [32] . Since it calculates the distance between the two points and determines the spatial characteristics, it is considered to be a more geographical method than the quadrant method [33] . If the spatial distribution of points is clustered, the distances between the near points are smaller, while if it is dispersed the distance is bigger between the near points. Therefore, the ratio between the average of the nearest neighbour distance of the observed value and the expected average distance of the probability model can be used to calculate the distribution of the points and the clustering level. The dispersion and clustering level can be determined by first calculating the expected distance by applying the PDF and then comparing it to the average nearest distance of the observed data. This ratio is called the NNI (Nearest Neighbour Index) and can be expressed using the following:
Here, d obs is the mean observed nearest neighbor distance and d exp is the mean expected nearest neighbour distance. Generally, if NNI = 1, it is the same as the assumed model, if NNI < 1, it means it is more clustered than the assumed model. Finally if NNI > 1, it means it is dispersed than the assumed model [32] . If it is assumed that all the points in the space follow the two dimensional Poisson distribution, the average distance between the nearest points will be 1/2 √ ρ. Here, ρ represents the density of the rain gauges (the number of rain gauges/study area). If the calculated distance using the observed data is smaller than the mean expected nearest neighbour distance, the points are clustered while larger means they are uniformly dispersed. If the points within the area are in a perfectly uniform pattern, this becomes an equidistant grid.
Calculation of the Estimation Error
Various techniques are often used to estimate AAR over an area such as arithmetic mean method, Thiessen method, IDW (Inverse Distance Weighting), Kriging method, isohyetal method, multiquadric equations method, estimation theory and so forth. The AAR estimation method can be classified into simple average estimation, method considered positional characteristics and method considered characteristics of data. Arithmetic mean method is very simple method to estimate AAR in great area. Thiessen method and isohyetal method are techniques for estimating the AAR based on the location of the rainfall station. Estimation theory considers the characteristics of the data to estimate the AAR.
On the other hand, IDW, Kriging method, multiquadric equations method are interpolation techniques for estimating the rainfall at ungauged stations. These techniques are mainly used for grid rainfall estimation to calibrate radar rainfall rather than estimate the AAR. The estimated value of IDW based on a weighting as a distance function is always constant. Kriging method based on regionalized variables concept consists of a set of techniques to estimate surfaces by modelling the spatial correlation structure of the variables. Whereas this method is known as a good interpolation technique, estimated value is different depending on Kriging type and how the variogram are assumed. The isohyetal method is useful because it reflects the mountain's effect that cannot be detected in the Thiessen method, it is limited because the isohyet's creation as well as establishment is subjective.
When estimation the grid rainfall by applying the IDW and the Kriging method, it becomes the uniformly distributed rainfall and their estimation error is equal to the arithmetic mean method. Furthermore, the grid rainfall is an estimated value and includes estimation errors. If the AAR is calculated with an estimation error included, a larger estimation error can be occurred. For this reasons, arithmetic mean method, Thiessen method and the estimation theory are applied to calculate AAR in this study.
The arithmetic mean method calculates the AAR by dividing the point rainfall observed by rain gauge stations in the basin by the total number of the stations. This can be used for a basin with uniformly distributed rain gauges. The Thiessen method assigns weight to each rainfall station in proportion to the Thiessen polygon area in case the rainfall stations are uniformly distributed. Another way to calculate the AAR is the estimation theory. The estimation theory, which has the advantage of being able to take into consideration the rainfall variability, uses the optimal weights to calculate the AAR amount [34] [35] [36] . AAR estimated by these methods includes the estimation error as shown in the following equation.
Here, P m represents the AAR,P m is the estimated AAR calculated by the methods of AAR and ε represents the estimation error when using these methods.
The arithmetic mean method assumes that the weight factor of each rain gauge station is the same and the estimation error is σ 2 n . Here, n represents the number of rain gauges, σ 2 is the average of variance in each rain gauge. The Thiessen method is based on the weights of the rain gauges computed by their relative areas, which are estimated with the Thiessen polygon network and the estimation error is ∑ n k=1 a 2 k σ 2 k . Here, a k represents the area of Thiessen polygon and it can be calculated by dividing the relative area by basin area. If the rainfall stations in the area are uniformly dispersed, each a k will have a similar weighting factor and therefore will be close to the weighting factor used in the arithmetic mean method. Estimation theory has the advantage of considering the variability of rainfall. If there is a correlation between the rainfall stations, the observation error decreases. This can be analysed by using the EOF (Empirical Orthogonal Function) method and SVD (Singular Value Decomposition) method [37] [38] [39] . The estimation theory is based on the assumption that the rainfall stations are uniformly dispersed. This method uses the optimal weighting factor depending on the rainfall event and the estimation error is
. The estimation methods of AAR and its estimation error are shown in Table 1 while Figure 1 illustrates the process of this study. 
AAR and Error Arithmetic Mean Method Thiessen Method Estimation Theory
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Study Area: 5 Major River Basins in Korea
Sub-Basin Delineation for Spatial Analysis
In this study, the Han River and Nakdong River basins are divided into five sub-basins while Keum River basin is divided into three sub-basins according to the watershed boundary and characteristics. Since the Yongsang River and Sumjin River basins have a small area, two river basins are assumed as each sub-basin. Each sub-basin of the five large river basins and the current rain gauges in each sub-basin are shown in Figure 2 . Since the purpose of evaluating the spatial distribution of the rain gauges is to estimate the accurate AAR, this is done for each sub-basin. 
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Study Area: 5 Major River Basins in Korea
Sub-Basin Delineation for Spatial Analysis
Density of Rain Gauges in the Study Areas
When evaluating the rain gauge stations, whether a sufficient number of rain gauges have been established within the basin and whether they are appropriately established to satisfy the purpose of the rain gauge stations must first be considered. The density of rain gauge stations suggested by WMO (World Meteorological Organization) is used to determine whether there is a sufficient amount of rain gauges installed in the basin. Table 2 shows the amount of rain gauge stations within 
When evaluating the rain gauge stations, whether a sufficient number of rain gauges have been established within the basin and whether they are appropriately established to satisfy the purpose of the rain gauge stations must first be considered. The density of rain gauge stations suggested by WMO (World Meteorological Organization) is used to determine whether there is a sufficient amount of rain gauges installed in the basin. Table 2 shows the amount of rain gauge stations within each of the basins and its density. There are a total 502 rain gauges established in all basins and the average density is 136.0 km 2 /rain gauge. The Geumsub 1 sub-basin has the highest density with 87.0 km 2 /rain gauge while the Youngsan sub-basin has the lowest with 182.6 km 2 /rain gauge. Table 3 shows the minimum densities of the stations depending on the rain gauge type suggested by the WMO [40] . Table 3 . Recommended Minimum Densities of Stations (Area in per Station) [40] . The rain gauges of the study area are the recording type rain gauges and satisfy the minimum installation standard suggested by the WMO [40] . However, despite meeting the minimum installation standard, it is difficult to say whether the established rain gauges are uniformly dispersed. While the minimum density of the rain gauges suggested by the WMO makes it difficult to evaluate the spatial distribution characteristics but is the minimum standard for collecting rainfall data.
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Non-Recording Recording
Evaluating the Spatial Characteristics of the Rain Gauge Network
To evaluate the spatial characteristics of the rain gauges in each basin, the coordinates of rain gauges are collected. Using these coordinates, the distance between the rain gauges is calculated and finally the NNI for each sub-basin is estimated. Table 4 shows the NNIs for each sub-basin. Since the NNI is the larger than 1 in all of the sub-basins, the rain gauge stations are dispersed. Of all basins, the rain gauge of Geumsub 3 is the most dispersed with an NNI of 1.555 while the Hansub 4 is the most clustered with an NNI of 1.063. The minimum and maximum nearest neighbour distance of the Geumsub basin are 4.639 km and 15.228 km respectively, while the Hansub 4's are 1.592 km and 17.338 km. The difference between the minimum and maximum nearest neighbour distance of the Geumsub 3 is smaller compared to the Hansub 4 which means that the distances between the rain gauges are uniform. Figure 3 compares the spatial characteristics of the rain gauges by sub-basins using the NNI. As shown in Figure 4 , it is evident that Geumsub 3 has rain gauges that are uniformly dispersed while Hansub 4 does not have any rain gauge stations established in certain areas while clustered in other areas.
<Best: Geumsub 3> <Worst: Hansub 4> As shown in Figure 4 , it is evident that Geumsub 3 has rain gauges that are uniformly dispersed while Hansub 4 does not have any rain gauge stations established in certain areas while clustered in other areas. As shown in Figure 4 , it is evident that Geumsub 3 has rain gauges that are uniformly dispersed while Hansub 4 does not have any rain gauge stations established in certain areas while clustered in other areas. <Best: Geumsub 3> <Worst: Hansub 4> 
Analysis of Estimation Error of the AAR
Selection of Rainfall Event for the Analysis
To evaluate the characteristics of the spatial distribution of the rain gauges by each sub-basin, the estimation error of the AAR for the basins with the best spatial distribution (Geumsub 3) and the worst (Hansub 4) are estimated. For water resources plan, AAR estimates of long-term rainfall, such as daily, monthly and annual rainfall, are needed. However, for the purpose of flood mitigation, hourly rainfall is often required and measurements of hourly or even smaller duration rainfalls are necessary [5] . According to Cheng et al. [5] , hourly rainfall exhibits higher variability in space and the spatial variation structures among different storm types, whereas annual rainfall is shown to exhibit a less spatial variability. In this study, AAR is not calculated for each type of rainfall because the rain gauge network should be considered the water resources planning and flood mitigation. However, radar correction is mainly aimed at predicting extreme rainfall, so it should be reviewed for each type of rainfall. To calculate the estimation error of the AAR, we collected the observed hourly rainfall data occurred (April 2005 to August 2014) in those basins. The applied rainfall data are converted to digital signals by the telemetering system at the rainfall station and transmitted to the data processing centre by the wireless communication network in real time.
While the IETD (Inter Event Time Duration) used to separate the rainfall events is 12 h by assuming they are all natural watersheds, of the selected only the rainfall events that have a total rainfall amount of at least 30 mm and 5 h of rainfall duration are used. Using this as the standard, there are 87 rainfall events in the Geumsub 3 and 102 in the Hansub 4 as shown in Table 5 . 
Analysis of Estimation Error of the AAR
Selection of Rainfall Event for the Analysis
Estimation Error of the AAR by Comparison of Sub-basins (Analysis 1)
By applying rainfall events that have been selected, the estimation error of the AAR is calculated for Geumsub 3 and Hansub 4 by the arithmetic mean method, Thiessen method and estimation theory. The basin area of the Geumsub 3 is 3046.7 km 2 with 20 stations while Hansub 4 has a basin area of 3114.9 7 km 2 with 31 stations (See Table 2 ). Table 6 below compares the weighting factors for the arithmetic mean method and the Thiessen method. In the case of the estimation theory, the weighting factor differs for each of the rain gauge Water 2018, 10, 1635 9 of 17 stations depending on the rainfall events. However, for the arithmetic mean method and the Thiessen method, the weighting factors are the same for each of the stations for all rainfall events. The coefficient of variation of the Thiessen weighting factor for the Geumsub 3 is 0.359 which is 1.050 less than the Hansub 4. This means that when calculating the AAR by the Thiessen method, the Thiessen weighting factor of each of the rain gauge stations for the Geumsub 3 is relatively consistent and therefore the area of the corresponding Thiessen polygon is consistent. Since the arithmetic method applies an equal weight factor to each of the rain gauge stations, the coefficient of variation will be 0. In cases such as the Geumsub 3 where the spatial distribution of the rain gauges is uniformly distributed, the weighting factor for each of the rain gauge stations for the arithmetic mean method and the Thiessen method will be similar. The AAR calculated from the arithmetic mean method and the Thiessen method are very similar. This is due to the weighting factor used in both methods being similar. The results of calculating the statistical parameters of the AAR using the arithmetic mean method, Thiessen method and estimation theory are shown in Table 7 . When comparing the estimation error calculated from the two basins, the Geumsub 3 is smaller compared to the Hansub 4 (See Figure 5) . The rain gauge stations in the Geumsub 3 have low spatial variability and therefore when calculating the AAR, the estimation error is small. Generally, the arithmetic mean method is good for a basin with the size of less than 500 km 2 while the Thiessen method is good for a basin of 500~5000 km 2 (Chow, 1988) . However, if a basin whose area is larger than 500 km 2 has a rain gauge network with good spatial distribution, the arithmetic mean method can be used. It should also be noted that in cases where the spatial distribution is clustered, such as Hansub 4, using the arithmetic mean method could produce a large error which makes accurately calculating the AAR difficult. This is due to the fact that when the rain gauges are not uniformly dispersed, the fundamental assumption in the arithmetic mean method that each station is in equal corresponding area cannot be satisfied.
In addition, despite Hansub 4 having a higher density of rain gauges compared to Geumsub 3, a larger error is produced when calculating the AAR. This fact signifies that when calculating the AAR, not only is the density crucial but the spatial distribution is as well. However, in the case of Analysis 1 which compares each of the watersheds, the estimation error can differ depending on the geographical features and the characteristics of the observed rainfall data. To eliminate these effects and to explore only the effect that the spatial distribution and density of rain gauges have on calculating the AAR accurately, the number and distribution of the rain gauge stations are rearranged within the same basin and the same observed rainfall data (Analysis 2). assumption in the arithmetic mean method that each station is in equal corresponding area cannot be satisfied.
In addition, despite Hansub 4 having a higher density of rain gauges compared to Geumsub 3, a larger error is produced when calculating the AAR. This fact signifies that when calculating the AAR, not only is the density crucial but the spatial distribution is as well. However, in the case of Analysis 1 which compares each of the watersheds, the estimation error can differ depending on the geographical features and the characteristics of the observed rainfall data. To eliminate these effects and to explore only the effect that the spatial distribution and density of rain gauges have on calculating the AAR accurately, the number and distribution of the rain gauge stations are rearranged within the same basin and the same observed rainfall data (Analysis 2). 
The estimation Error in the AAR for the same sub-basin (Analysis 2)
Rebuilding the Rain Gauge Networks
In this chapter, to estimate the effect of the geographical features and the characteristics of the observed rainfall data, a test basin is selected, and the estimation error of the AAR is estimated with different spatial distributions of rain gauge stations using the same observed rainfall events. The 
The estimation Error in the AAR for the same sub-basin (Analysis 2)
Rebuilding the Rain Gauge Networks
In this chapter, to estimate the effect of the geographical features and the characteristics of the observed rainfall data, a test basin is selected, and the estimation error of the AAR is estimated with different spatial distributions of rain gauge stations using the same observed rainfall events. The Geumsub 3, which is spatially well distributed, is selected as the test basin while the rain gauge networks are rearranged to calculate the AAR as well as the estimation error of it.
There are 20 rain gauges within Geumsub 3. 10 that are spatially well distributed are selected and labelled as 10 (B) while the others, which are not well distributed, are labelled as 10 (W). The AAR is then calculated using this newly formed rain gauge network. The same process is repeated but with 13, 15 and 18 station cases. The results are shown in Table 8 . Table 9 shows the NNIs calculated by the different cases of rain gauge networks and the condition of each case ("Note" in Table 8 ). Figure 6 shows the rain gauge networks of each case. To find the best and the worst spatial distribution of each case, we rely on the optimization algorithm with the harmony search method. In addition, 20 (All) represents the current rain gauges in the basin. Table 9 shows the NNIs calculated by the different cases of rain gauge networks and the condition of each case ("Note" in Table 8 ). Figure 6 shows the rain gauge networks of each case. To find the best and the worst spatial distribution of each case, we rely on the optimization algorithm with the harmony search method. In addition, 20 (All) represents the current rain gauges in the basin. 
Rain Gauge Network Estimation Error Analysis
The same 87 rainfall events which were used to calculate the AAR in chapter 4.1 were applied for this analysis. Table 10 shows the basic statistics of the Thiessen weighting factors of each case. For all cases, if the number of rain gauges is same, the CV of Thiessen weighting factor at a well distributed network is smaller than that of the clustered network. This is due to the areas of Thiessen polygon becoming more constant as the spatial distribution of the rain gauge becomes well distributed. The NNI is calculated after the rain gauge networks are relocated according to the number of rain gauges. The estimation error of the AAR for the 87 rainfall events is calculated by applying the arithmetic method, Thiessen method and the estimation theory. Table 11 shows the estimation error of the AAR calculated by each method while Figure 7 shows the comparison results. Results of the characteristics of the estimation error that are calculated by case are as following. For the arithmetic mean method and estimation theory, the spatial distribution of the network does not have a significant influence while the density does. It means that the weighting factor is decided according to the number of stations and is not significantly affected by the spatial distribution. For the estimation theory, the estimation error is also influenced by the characteristics of the observed data. The Thiessen method which is influenced by the spatial distribution the most, when compared to other methods, has a larger estimation error than the arithmetic mean method when the stations are not well dispersed.
These effects are rather more evident when the number of stations is smaller than 15. Moreover, the Thiessen method shows that both the spatial distribution and number of the rain gauge stations are important when calculating the AAR. When the number of stations is small, as in less than 15, the spatial distribution has a significant influence (See Figure 7b) . For example, when there are 10 stations compared to 13, the estimation error for 10 (B) is smaller than 13 (W). Also, when there are 13 versus 15, 13 (B) has a smaller estimation error than 15 (W) (See Table 11 ). In brief, even with a Results of the characteristics of the estimation error that are calculated by case are as following. For the arithmetic mean method and estimation theory, the spatial distribution of the network does not have a significant influence while the density does. It means that the weighting factor is decided according to the number of stations and is not significantly affected by the spatial distribution. For the estimation theory, the estimation error is also influenced by the characteristics of the observed data. The Thiessen method which is influenced by the spatial distribution the most, when compared to other methods, has a larger estimation error than the arithmetic mean method when the stations are not well dispersed.
These effects are rather more evident when the number of stations is smaller than 15. Moreover, the Thiessen method shows that both the spatial distribution and number of the rain gauge stations are important when calculating the AAR. When the number of stations is small, as in less than 15, the spatial distribution has a significant influence (See Figure 7b) . For example, when there are 10 stations compared to 13, the estimation error for 10 (B) is smaller than 13 (W). Also, when there are 13 versus 15, 13 (B) has a smaller estimation error than 15 (W) (See Table 11 ). In brief, even with a smaller number of rain gauge stations, better results when calculating the AAR are shown when the stations are well dispersed. However, if there is a large difference between the number of rain gauge stations, as in 10 (B) and 15 (W), the latter gives a better outcome for calculating the AAR. In this tendency, when the number of rain gauge stations is 18 (2 less than the current 20), the difference due to the spatial distribution appeared to be lower (0.741 for 18 (B), 0.744 for 18 (W)). When the number of rainfall stations increase, and the density of the rainfall station becomes denser than 170 km 2 per station, the spatial distribution does not have a significant influence on the estimation of the AAR.
Another observation from Analysis 2 is that the density of the rain gauge stations is important for all three methods to calculate the AAR accurately. When the density of the rain gauge network increases, the estimation error decreases in all three methods. Thus, it is found that when establishing rain gauge stations, both the density and the spatial distribution must be taken into consideration and that even if the rain gauge stations are well dispersed, calculating the accurate AAR will be difficult if the density is low. Even if the estimation error decreases as the density of the rain gauge stations increases, it is not possible to increase the number of stations infinitely. Costs are required to operate and maintain the rain gauge station and therefore a more economical rain gauge networks should be established.
If the number of rain gauge stations must be reduced for financial purposes, it is possible to calculate how many must be eliminated by comparing the estimation error of the AAR depending on the number and the spatial distribution of the stations. For example, if the Thiessen method is applied when calculating the AAR, the current accuracy will be maintained even if 18 of 20 rainfall stations are operated in the Geumsub 3 watershed (Estimation error for 20 (ALL): 0.728, Estimation error for 18 (B): 0.741).
Application Plan and Future Studies
The methods introduced in this study can be applied to the following purposes. First, it can be applied to evaluate the adequacy of the rain gauge networks when establishing and operating the rain gauge stations in the watershed. This is in order to accurately calculate the AAR for the rainfall-runoff analysis. If it is necessary to reduce the number of rainfall stations in order to decrease the operating and maintenance costs, the rain gauge stations can be reduced within the range of maintaining the appropriate spatial distribution.
Second, these methods can be used to compare and to evaluate watersheds for the integrated watershed management. In the event that the watersheds must be managed in an integrated manner, the problematic watershed can be selected by inspecting the station's density and spatial distribution. The selected basin must be invested in advance and from the standpoint of maintaining the watersheds, it is effective because it results in the maximum effect with limited costs. Therefore, investment priority can be decided by taking into account the density as well as spatial characteristics of the stations by understanding the problems of each watershed.
The research here also has limitations. The methods introduced in this study only take into consideration the importance of the horizontal density of the rain gauge stations. Evaluating the rain gauge stations however also involve the altitude which is the vertical distribution. Since the rainfall characteristics differ between plain and mountainous area, altitude must be taken into consideration as well. Therefore, research is being conducted that can take into consideration both of these factors simultaneously. A denser network is needed in specific areas in order to consider the importance of severe rainfall or urban areas. For this reason, the evaluation of the rain gauge should take into consideration the various factors depending on the purpose of installation. To determine the location of the rain gauge stations, the accessibility as well as maintenance cost, applicability of the wired and wireless communications must be considered. However, when establishing and maintaining a general rain gauge station, as shown in this research, the appropriate spatial distribution and density above a certain level must be secured.
Conclusions
This study examines the spatial characteristics of the rain gauge stations within the 5 major river basins of South Korea and how it influences the estimation error of the AAR. The spatial characteristics of the rain gauge stations are evaluated by using the NNI. Using this as the basis, the AAR's estimation error is calculated for the watersheds with spatial distributions that are both clustered and well dispersed (Analysis 1). As a result of the comparison, it is evident that the spatial distribution of the rain gauge stations has a significant influence when accurately calculating the AAR. However, to increase the accuracy of this claim, the number and the spatial distribution of the rain gauge stations are changed within the same watershed. The estimation error of the AAR was then calculated afterwards (Analysis 2).
For Analysis 1, using the sub-basins delineated by hydrological runoff characteristics, the NNIs of the rain gauge stations in the 5 major river basins are at least 1, which means they are well dispersed. When calculating the estimation error of the AAR for watersheds that are both clustered and dispersed, it is found that a larger estimation error of the AAR is calculated in areas that are clustered. For Analysis 2, even after re-establishing the rain gauge networks for the Geumsub 3, the well distributed networks produce a smaller estimation error compared to a clustered rain gauge network when calculating the AAR. Another result found from Analysis 2 is that the density of rain gauges is also important to estimate the AAR accurately, as well as their spatial distribution.
A larger estimation error of AAR is calculated when the number of stations was larger while spatially clustered than when the number is low, but the stations are well dispersed. Also, when the density of the rain gauge stations is below a certain level (200 km 2 /rain gauge for this study), the effect of the spatial dispersion of the rain gauge stations on the accuracy of the AAR is small. Therefore, when establishing a new rain gauge network in a watershed, both the density and the spatial distribution of the rain gauge stations must be taken into consideration. Considering the maintenance and financial aspect, the rain gauge networks with proper spatial distributions are able to obtain a more accurate AAR despite having less rain gauge stations. In the case of the watershed of the Geumsub 3 in this study, it is verified that it is possible to maintain the current accuracy level despite maintaining 18 out of 20 of the rain gauge stations. Therefore, the methods suggested in this study can be applied to establish a proper and efficient rain gauge network.
The ultimate goal of this study is to evaluate how the spatial distribution characteristics of ground rainfall network affect radar rainfall correction. Ground rainfall data is required in order to correct the radar rainfall data. However, there is no selection criterion of ground rainfall stations for radar correction. If there is a problem with the ground rainfall network for calculating the AAR, the corrected radar data will also cause a large error. For this purpose, the evaluation of the ground rainfall network must be considered before performing the radar rainfall correction. Therefore, in this study, the influence of the spatial distribution on the AAR calculation was examined before the radar correction study. Finally, estimation error can be changed by rain gauge cumulation time (refer [41] ) and rainfall type (refer [5] ). The basin size and response time are also important factors. We plan to discuss these factors at future study related between spatial distribution and radar correction. Research of the rain gauge network will also contribute to better understanding the water flows on the earth's surface and the connectivity of the flows.
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